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ABSTRACT

The problem facing the Fire Department of North Providence, Rhode Idand was that in an
eraof financid restraints, consideration was being made for the purchase of atherma imaging
camera. What prompted this attention was that several surrounding fire departments werein the
process or had therma imaging unitsin place. The fire department was then chalenged to keep
pace with the changes in technology, but had no systematic procedure to evaluate effectively
thermd imaging technology.

The purpose of this applied research project wasto provide a plan, checklist, and
comparison charts to evauate therma imaging technology. The evaludtive research method was
used in the research project to answer the following questions:

1. What are the dtributes of thermd imaging technology?

2. What are the recommendations, advantages, disadvantages, and limitations of each
technology type?

3. What arethefinancia congderations involved with each technology?

A literature review was conducted to identify existing research on the subject of therma
imaging cameras or units for the fire service. The literature review conducted concentrated upon
the four areas of focus for examination. Items examined included the historica background of
therma imaging technology, attributes of therma imaging technology, system advantages and
limitations, and lagtly financia congderations. All of the authorities cited recommended thet fire
departments embrace the application of therma imaging technology. Authorities stated that
thermd imaging was advantageous for firefighting, hazardous materids, and emergency medica

sarvice operations, aswdl as an improvement in overdl safety.



The procedure utilized to answer the three research questions included a survey mailed to 80
fire departments that comprise the fire service in the State of Rhode Idand. The 83.75% (67) of
the questionnaires were completed and returned. This survey indicated 26.8% (18) of
departments in Rhode Idand had thermd imaging in place. In addition, 13.4% (9) were currently
planning to implement therma imaging technology in the near future. The results of thisresearch
project indicated that 77.7% (14) therma imaging equipped fire departments were using nortax
based revenue to finance to acquisition of this tool. Subsequently, 64.2% (43) of those surveyed
dated that the financid redtriction was an influencing factor delaying purchase.

This research paper has provided evidence to support arecommendation that the North
Providence Fire Department make an effort to start the planning process with a stated goal to
acquire therma imaging technology. A proposa for a committee was recommended by this
research. In addition, tools were provided for the committee to eval uate, funds, and consider the

training necessary for the introduction of this advanced tool of safety.
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INTRODUCTION

In the summer of 1998, the Town of North Providence, Rhode Idand faced a projected
budget deficit between $5.2 - $5.8 million dallars (C.Bozzi, persona communication, December
7,1998). The fire department was chalenged with severd financid pressures being applied
smultaneoudy. Personnel codts, especialy overtime expenses were rising. Fire department
equipment, both fire and EM S gpparatus were declining because of normd aging and wear and
tear. These agpects alone chalenges dl those involved in the acquisition of this equipment.
Secondarily, the department’ s morale and leadership were beginning to show the sgns of the
economic, financid strain placed upon the department (J. Lane, persona communicetion,
December 5, 1998). Thirdly, severd areafire departments were in the process of obtaining
therma imaging units or had acquired these units for their operations. The Town' s resdents at
various budgetary meetings demanded public service a a reduced cogt, while maintaining the
current level of services provided (B. Chardlo, persona communication, August 30, 1998). It
was gpparent that the people demanded a, “more with less” philosophy. As a public service, the
fire service ill hasto respond to do the job, regardless of the financia redtrictions impaosed (D.
Clark, personad communications, September 10,1998). A careful examination of planned capita
expenditures and purchases became vitd in this tight economic time when chalenged with
limited funding (D. Campbell, personal communication, September 11, 1998).

The problem that prompted this research project was that in eraof tight economic budgetary
restraints, the purchase of athermal imaging device was being considered. Consequently, the
North Providence Fire Department does not have a systemic procedure to evauate effectively
therma imaging technology for purchase and acquisition consderation. An obstacle facing this

condderation was that the fire service both nationdly and locdly is the mgority of fire



departments are not using these therma imaging devices in their operations. A complete
examination was needed of this emergent technology to adequately plan for the purchase or
consderation of thistherma imaging camera
The purpose of this applied research project was to provide a plan, checklist, and comparison

charts to evauate therma imaging technology. The evauative research method was chosen to
answer the following questions:

1. What are the attributes of therma imaging technology?

2. What are the recommendeations, advantages, disadvantages, and limitations of each

technology type?

3. What arethefinancia congderations involved with each technology?

BACKGROUND AND SIGNIFICANCE

North Providence Fire Department

The Town of North Providence bordersthe capita City of Providence, Rhode Idand. In
addition, the towns of Lincoln, Smithfidd, and Johnston as well asthe City of Pawtucket
surround the town. Asthe smalest town in the State of Rhode Idand, covering only 5.7 square
milesin areq, it ranks seventh in population out of 39 cities and towns that comprise the State of
Rhode Idand. The resdent population of the community has increase 9.9% from 1980, to its
present population of 32,090 (Rhode Idand Department of Economic Development, 1995, citing
1990, U.S. Census Data). The 1980’ s brought forth a dramatic growth in building construction,
especidly homes, condominiums, and multiple family apartments, up 24.6% to its present figure

of 14,134 resdential housing units (Rl Department of Economic Development,1995).



As per gtated union /management contract, the North Providence Fire Department is
comprised of 100 uniformed members and a g&ff of saven civilians. The operationd divison
congsts of four engine companies, one ladder-truck company, a specid service vehicle, one on
duty battalion chief, and two emergency medica service ambulances. The current digtribution of
gaffing is 19 members plus the duty Chief per shift. The operationa personnel are assgned on a
four platoon/group rotation systemn of two ten hour day shifts, two 14 hour night shifts and
followed by 96 hours off (J.Lane, personal communications, December 5, 1998).

The North Providence Fire Department organizationd culture evolved from five volunteer
fire companies, each protecting their village or section of town. In 1971, the Town of North
Providence, assumed daytime protection of the community with theinitid hiring of the first paid
members to the fire department. A cal and volunteer force continued to operate the fire and
emergency medica service (EMS) divison during the nights, weekends, and holidays. In the
1980's, the town grew due to the building boom of this period. Requests for service went from
the gpproximately 1500 rung/requests for service to four to five thousands per year.

The EM S agpect in the 1980’ s a so underwent drameatic changes due to the increased State
mandated regulations (L. Carney, personal communication, August 30, 1998). In 1985, severd
factors led to the Town assuming the EMS Divison on afull-time bass. These points
enumerated by the Advanced Life Support implementation Committee in 1985. The first factor
was the incorporation of advanced life support in the pre-hospita care provided by EMS units.
This necessitated additiond training and a dedicated staffing to operate per Rhode Idand Hedlth
Department EM S Divison Regulations. The second factor identified was that neighboring and
surrounding communities had this service or were in the process of implementing or in the

planning process for advanced emergency medica services by the fire department. The third



factor was the North Providence Fire Department found itself with a decreasing number of
trained members to support the department’ s call/volunteer force. This nationa trend had struck
home as wdll as the surrounding communities. This hastened the next organizationd change. The
fire department started a gradua trangtion to a full-time fire department in 1988, yielding our
current digtribution of staffing and apparatus.

The fore mentioned action was brought about by the actions of acommittee. A fire
department advanced life support implementation committee obtained the necessary data, did the
appropriate background research before the implementation of this service. This committee
contained representatives from al members of the EM'S community to identify optionsto
consder in implementing fire department advanced life support operations (J. Gregson, persond
communication, August 30,1998).

The summer of 1997 asimilar chalenge was poised to the department. The Town of
Johnston began an aggressive public fundraiser for atherma imaging camera This drew much
media attention regarding this technology. The North Providence Fire Department was caught
unprepared to answer questions poised by the media, citizens, and by members of the department
regarding this emergent technology (E. DiGiulio J., persona communication, September
9,1998).

The main objective of this gpplied research project wasto provide insight into the area of
therma imagining devices. Areas that would be examined included the attributes of thermd
imaging technology, advantages, disadvantages, and limitations of each technology for
fireground operations. Financid consderation was then reviewed and evaduated in light of the
current economic restrictions placed upon the fire department. The results of this study will aid

the North Providence Fire Department in the selection and decision making process regarding



the purchase of therma imaging cameras. This review will ad othersin the fire servicein
thermal imaging evauations aswell as sudents enrolled in the Executive Fire Officer Program at

the Nationa Fire Academy.

Thermal Imaging Cameras

Many changes have effected the fire service over the years. However, the inability to
improve fireground visibility has hindered the basic operations of search and rescue
(Woodworth, 1996, July). Thermd imaging technology alows the firefighter to “see” through
the smoke. The trandation or conversion of heat energy to a readable light image accomplishes
image creations. This vita technologica advantage appears to had been overlooked. A number
of factors or a combination of factors, including funding, traditiona resistance to new
technology, inadequate pressure for change and alack of awareness of the benefits of this
technology (Patterson, 1997).

This project gained further importance based upon the fact that area fire departments were
examining this technology or aready had thermd imaging unitsin place. The fallure to examine
this new technology could hinder the safety and efficiency of our fireground operationa
personne (J. Lane, personal communication, September 6, 1998). In addition, the public

perception of not having avita tool could effect the public' sidea of this department’ s ability to

do the job (J. Lane, persona communication, September 6, 1998). At the present time, economic

congraints placed upon the fire department means it does not have the luxury of making
expenditures based upon want only. The want must be justified by a need, substantiated by cost

and benefit analysis (D. Campbell, personal communication, September 11, 1998). The delivery
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of innovative technology to the community that would improve the overd| safety of firefighters
and the public is the premise of this project.

This project specificdly relatesto the Nationd Fire Academy’s Executive Fire Officer
Program entitled, Executive Development. The research project used the nine steps for effective
research in unit three of the student manual. This paper was undertaken to satisfy the
requirements of the Nationa Fire Academy’s Executive Fire Officer Program. This project and
its results will be used by the North Providence Fire Department to make informed decisions on

the purchase and operation of therma imaging units

LITERATURE REVIEW

A literature review was performed to identify existing research on the subject of thermal
imaging cameras or units for fire department operations. The literature review conducted
concentrated upon four areas of focus for examination. Items examined included the historica
background of therma imaging technology, attributes of therma imagining technology, system
advantages and limitations, and laglly financia condderations. These essentia issues would be
compiled to form a comparison chart to aid in decision making process. The process of review
included a search for authoritative sources that are expertsin the fidd of thermd imaging for the
fire sarvice aided in thisliterature review. This literature review entailed a search of training
manuds, fire service journds, magazines, and publications. Additiond information was obtained
through the collection of manufacturer’ s pamphlets and unit specific operationa guides.

The review gtarted with contacting an authoritative source of information and sandards

regarding the fire service operations, namely the Nationa Fire Protection Association, Quincy,

Massachusetts. Contact was made in August 1998 and December 1998 requesting standards for



thermal imaging cameras. In a conversation on December 9,1998, customer service stated to the
author that currently no standards exigts for this technology. Customer service referred me to
sandards administration divison. Standard administration office advised me to send a committee
proposa form that would suggest that the NFPA develop a committee for the purpose of
gandard development for therma imaging. (Linda Cohen, persona conversation, December
10,1998). This influenced this research providing alimitation. It meant that there was not any
objective based standard that could be applied for therma image comparison purposes.

In 1973, the report America Burning identified our nation’ s fire problem. This report
presented 90 recommendations for afire safe America. A key item addressed was research and
development. Even into the *80s, we did not have the ability to see effectively in aburning
structure athough we had the technology to put a man on the moon (Woodworth, citing America
Burning, 1996, July).

Higtorical andlyssindicated a military root in the establishment of thisfire service
technology. Thermd imaging was origindly utilized by the military to provide the ability of
night vison to ground forces and to pilots to see targets not visble to the eye. Therma imaging
units were used in the 1960’ sin the early days of the Vietnam Conflict, however it did not gain
widespread benefit recognition until the Persan Gulf War. Thefird fire service to employ
therma imaging was the U.S. Forest Service in the 1970's. They used this technology to provide
aerid survelllance of wildland fires. Jm Scott, aretired land surveyor for the forest service
dated, “Today' s therma imaging systems are a boon to wildland firefighting efficiency and
safety” (Wagner, 1998). The United States Military, especidly the Coast Guard and Navy have
thermd imaging aboard dl vessdsto ad in fire detection /suppression activities (Galagher,

1991). After the Falkland War, the U.S. Navy and Coast Guard began an aggressive program in



therma imaging for fire suppression gpplication. The lessons of thiswar and its devadtating
effects of fires at sea especidly in the areas of hidden fires, lack of vishility and heavy toll upon
life prompted this action (M. Scanllion, persond communication, December 10,1998).
Utilization of therma imaging technology has not been limited to the United States done.
The European Community, especialy the United Kingdom has been aggressively deploying
unitsfor their fire service. As reported by Lyons and Parmenter in Fire Engineers Journal of
September 1995:
Agang abackground of increasing demanding hedth and safety legidation, induding
European Community Directives, a more litigious environment and agenerd reduction in
annua budgets, the Fire and Rescue Services will be required to radicaly assess their
fireground operations to ensure the maximum safety of firefighters and greater efficiency
in the deployment of resources and equipment. ... Perhaps one maor radicd initiative would
be the deployment of “Through Smoke Vison” as part of standard equipment.... (Lyonsand
Parmenter, 1995, p.7).

This article went on further to cite that the rationa for the dow introduction of thermal
imaging technology were a combination of smilar issues that plagued the development of salf
contained breathing gpparatus (SCBA). These reasons were a combination of funding,
technology, and the pressure for change. In the case of SCBA’ s the need seemed apparent,
without it firefighters cannot breath. In the case of thermd imaging, the case could be equadly
clear, without it firefighters cannot see. A forth reason wasidentified as alack of awareness of
the benefits of this technology, which in turn could limit widespread deployment of this

technologica advancement (Lyons and Parmenter, 1995).
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Newman and Irving (1973) identified one of thefirg fire departments to utilize therma
imaging technology, this was the Reading Fire Department in Pennsylvania. In 1965 the HRB-
Singer Corporation under contract with the Office of Civil Defense, Office of the Secretary of
the Army, developed 20 units under one pound and was handheld. These units were able to
detect infrared rays emanating from heet sources unaffected by the presence of thick smoke. The
firefighter was derted through an audible signd through an earphone. The Reading Fire
Department found these units were quite useful. The Singer Corporation decided to discontinue
production in 1966, believing that there was no market for these devices (Newman and Irving,
1973). These points influenced the research on documenting how early therma imaging research
was initiated and the results.

The literature review then examined the atributes of thermd imagining technology to
understand the inner workings or principles of operations of the units. According to Woodworth
(1996, duly), numerous changes have occurred within the culture of the America sfire service.
These changesincluded the introduction of SCBA'’'s, lightweight large diameter hoses, and
computers. The traditiond fire department responsibilities have evolved to include the chalenges
of emergency medica service, hazardous materids, and technica rescue (J. McKenna, persond
communication August 30,1998). Woodworth (1996, July) however, states even with these new
changes and chalenges, there remains a congtant in structurd firefighting operations that hinders
al operations. This one factor identified by Woodworth (1996, July) isthe lack of vishility
caused by the products of combustion, namely smoke. Woodworth states that not being able to
see dows the progression of search and rescue, advancement of handlines, makes ventilation
difficult, and hides failing structural components. Thislack of vishility causesarisk to

firefighters. Frefighters can become disorientated and lost within the fire building which in turn



affects ther ability to exit the structure in an emergency Situation (Woodworth, 1996, July).
Woodworth's impact on this research identifies akey threat poised to firefightersis thislack of
vighility.

This obscuring agent called smoke is composed of two elements; fire gases produced by the
fue’s chemica breakdown, and soot. The breakdown of the fud of the fire produces
carbonaceous particles and creates toxicity of smoke. Soot obscures light in smoke filled
environments, which in turn effects vision. The amount of obscuring soot depends upon the size
of thefire, type of fud, amount of oxygen present and structure of involvement. Heavy smoke
causes dl the light to be scattered or blocked where light waves cannot penetrate the particles.
This zero vighility condition iswhat limits effective lights for firefighting operations
(Woodworth,1996, July).

The human eyeislimited in its ability to detect heat. Detection is relied upon the ability to
see vigble flame or a product of combustion such as smoke. Some types of fire produce aflame
invisible to the human eye, such as hydrogen gas (Newman and Irving, 1973). These different
formstravel in the spectrum caled wavelengths, each are unique. In addition, heat waves are
detectable through smoke, where as light cannot penetrate. Infrared energy is not visible to the
human eye, the firefighter can fed the hest present, but are blind because the human eye cannot
detect wavelengths grester than visible light (Newman and Irving, 1973). The firefighter usng
thermal imaging would be able to see a representation of this heat (Woodworth, 1996, August).

The thermometer is the smplest infrared hegt detector readily known and recognized by
many people. It measures the intensity of heat waves present, but does not produce a picture of

what was being measured. The thermometer is limited in fireground operations. It cannot detect a



person lying on the floor, locate the heat source, or penetrate smoke in burning structures
(Newman, 1973).

As dated previoudy, smoke hinders fireground vishility for the firefighter. Woodworth
(1996, Jduly) found that until the advent of therma imaging technology, the fire service hed relied
upon lights, which had little effect, and ventilation for vighility in structurd fires Bascdly
dated, what therma imagining performsis athermd heat view of the world. The literature
review conducted clarified the properties of heat energy and components of smoke by reviewing
the combined writing of Woodworth and Newman.

L ooking through the therma imaging unit provides the firefighter with a black and white
televison view through the smoke and darkness. Woodworth (1997, February) identifies the
process utilized in thermal imaging viewing as therma contrast. This representetion is displayed
asfallows, hot things appear white, hotter things brighter white, and colder things appear black
to gray. The difference in this temperature or heat energy is what formsthe picture viewed. A
key isthat everything viewed through the unit lens retains its shape, people look like people and
rooms look like rooms (Fire Rescue Magazine, 1998, April).

Three sources emit infrared energy identified by Woodworth (1996, November). The
knowledge of each isimportant to the operation of therma imaging units. Importantly, how it
would effect operation by the fire service. Again, thermd imaging is a representation of infrared
energy sources. The three kinds of infrared energy sources are active emitters, passive emitters,
and direct source emitters (Woodworth, 1996, November).

The active type emitters dways emit infrared energy with limited variaion, a congtant. An
example would be the human body. There islimited variation in the presentation of infrared

energy distributed by the human body. Certain factors such as wet turnout gear and bulky
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clothing can mask portions of the image. These factors can insulate the energy available for
detection (Woodworth, 1996, November).

Passve energy sources are objects that have great variations in infrared emissons. The
example of stedl at room temperature, the metal would appear darker than a person in the same
room would. However, if steel were heated, the infrared energy emitted would appear white,
indicating an increasing temperature compared to the surroundings (Woodworth, 1996,
November).

McLaughlin (1992), in Firehouse Magazine, Saed that therma imaging technology has
severa misconceptions regarding its abilities. McLauglin states, “ It does not see through walls.
If it could, every weirdo in the world would be buying one.” (p.37). Thermd imaging can be
utilized to detect firesin hidden void spaces. However, this capability is limited or effected by
severd factors. Thefirgt of such isthe minimum resolved temperature difference (MRTD) of the
device. Some objects differ in temperature by less than one degree Fahrenheit. MRTD is
determined by the sengitivity of temperature detection by the therma imaging unit (Woodworth,
1996, November).

The dengity and mass of building materid utilized in the congruction can aso effect energy
emission affecting detection (Woodworth, 1996, August). The elements that compose the
congtruction are examples of passive emitters. The detection of an impeding flashover condition
may be reveded by the heating of the building and its contents detected by radiating infrared
energy created by the fire (Woodworth, August 1996). However, a human being will not provide
auffident infrared energy to penetrate through most materials used in congtruction. When a
building collgpses, when agypsum board or lightweight materid is used, a human body against

the materid for an extended period could be detectable. The mass affects detection of infrared
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energy. A great amount of heat would need to detect heat through concrete. However, light
weight concrete could be imaged. Renovation, multiple roofing layers, and remodeling of
buildings can add mass and density to the building, thus affecting imaging abilities of the unit.
The undergtanding of dendity and mass affect therma imaging is akey in proper usage of
therma technology (Woodworth, 1996, November).

In addition, it should be noted that some materia does affect the delectability of infrared
energy. Materids such as plagtic, water, and glass present a solid barrier to infrared. The barrier
must be heated in order for detection to occur. This ability is hepful to identify associated
temperature difference of a drum, based upon fluid level (McLauglin, 1992).

The last source of detectable infrared energy is direct source emitters. These sources
produce large amounts of energy. Examples arefires, chemicd reactions, and the sun. The direct
sources can afect the eectronic portion of the camera, primarily the gain. Some units “white-
out” when aimed at a direct source. This reading indicates a great amount of hegt is present
across the entire viewing area (Woodworth,1996, November).

Woodworth and McLaughlin’s writings affect this research by providing an assessment of
capabilities and attributes associated with this technology.

The literature review then examined the types of devices currently available to the fire
sarvice. Severd types were examined during the research process, the cooled IR detector, Pyro-
Electric Videco (PEV), and Foca Plane Array (FPAC). This examination and review process
would yield an understanding of the technologica attributes of each type.

Usng Mane s Fire Training publication entitled, Thermal Imaging for the Fire Service
(1997), severd types of detectors were identified. Older, early designed therma imaging units

were known as *cooled IR detectors’. These units were sometimes bulky, large, heavy, and had
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limited fire service capability. In addition, these units required frequent part replacement. The
recent changes in therma imaging technology now have made this capability smdler, lighter in
weight and less maintenance intense to be placed into fire department service. Theviewing of a
direct source emitter of infrared heat energy would cause a*“white-out” condition if the unit were
amed at avery hot object (Woodworth, 1996, November). This condition could take severa
minutes to clear it causing the unit to be blind in the interim. Exposure to a*“white-out” Stuation
made this type of unit prone to sensor or tube damage. Frequently this Situation would occur
during the search for thefire itsdf. Thermd imaging units of this design type usudly required a
shut down period alowing the resetting and cooling of the unit (Nygren, 1997). This condition of
“white-out” would influence the author in addition to others researching therma imaging
cameras for fire service evaudion.

The second type of technology reviewed by Nygren's article, Thermal Imaging for the Fire
Service (1997) was the Pyro Electric Videcon (PEV). This technological typeis smilar to the
above mentioned cooled infrared detectors. This unit incorporates newer technologica within its
design. Severd featuresinclude; decrease Sze and weight, improved sengtivity to temperature
differences, and decrease sengtivity to “white-out” phenomenon. If the unit does encounter a
“white-out” Stuation, it now would be cleared in seconds as opposed to minutes, usualy by only
directing the unit away from the direct emitter (Nygren, 1997).

The last type of unit examined by this publication was the Focal Plane Array (FPAC). This
type of therma imaging camera technology is consdered to be leading edge in technology. The
unit views without the tube congtruction of the PEV type of therma imager (Woodworth,1996,
November). The dectronics of the insrument is solid state congtruction. Viewing is

accomplished direct line of sight then is rendered into a smulated representation of it to the



viewer. Direct source emitters of therma energy can be observed for short periods without the
“white-out” effect occurring. Thistype of thermal imager provides a detailed image without the
need for sgnificant thermd or temperature gradients to be present (Nygren, 1997).

The last type to be covered does not provide a visible detection capability. Instead this unit
sensesinfrared heat sources and only provides the user an emitting audible tone. Thisunit at a
higher temperature generates an increasing audible tone to the operator (Nygren, 1997).

Theliterature review focused on researching the advantages and limitations of thermal
imaging cameras. Fire Engineering Journal (1995) reported the advantages usng thermd
imaging technology in describing the benefits derived from its use a three incidents. At the
second incident described, five conclusions were reached on the advantages of the TIC. In
addition, Fire Engineering Journal (1995) aso noted a significant boundaries or limitations of
this technology.

In the search for examples of applications of thermd imaging on the fireground, alimitation
was noted during the research. In John Norman's book, Fire Officer’s Handbook of Tactics
(1991), no materid was mentioned to aid in potentid applications of this technology on the
fireground for strategy and tactical purposes. Norman only provides a statement of the operation
of the cameraaone. Thislimited the author’ s search for documented examples tacticd and
drategic gpplication of this technology on the fireground or rescue operations.

Maine s Fire Training and education publication entitled, Thermal Imaging for the Fire
Service (1997), by Allen Nygren, reviews severd advantages of thermd imaging in numerous
aress of fireground operations. In addition, this training package aso covers some disadvantages

or limitations of implementing this therma imaging technology. This publication itemizes
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cautions to be emphasized during the initial phase in period or training program before placing
this system on the fireground.

Fire Rescue Magazine (1998,April) enumerated Sx advantages using therma imaging for
the fire service. Contained within this article was a handheld (PEV Technology) or helmet mount
(FPAC) comparison chart (p.44). The impact of this chart influenced the research of thistopic by
digolaying a smple comparative andyss of both of the commonly utilized therma imaging
technologies. This chart has been reproduced in this research paper and labeled, Table One on
page 36 of this research paper. This article goes on further to provide a suggested method of
selection between the two types of units. This article provided the research with the first written
suggestion for the operation of thermd imaging technology. Fire Rescue Magazine (1998, April)
aso provides away to demongtrate the need for the imager to othersin the fire service or to
others.

Woodworth (1995) providesinsght into Atlanta, Georgia Fire Department’ s testing of
therma imaging. Through hiswritings, this provided a detailed account into severa applications
and advantages noted with the use of therma imaging. These experiences documented the
findings in the testing and actud incident application phase of thermd imaging technology by
the Atlanta’ s Fire Department using the Cairngiris system.

Fire Rescue Magazine (1998, May) continues the review of therma imaging camera. Thelr
article provided alist of nine precautions that should be undertaken with therma imaging usage.
The presentation further goes on to enumerates eleven fire service tasks that the gpplication
advantages were found in the usage of therma imaging technology.

The writings of Wagner and West (1998) reviewed five of the current manufactured types

of thermd imaging units. Ther research produced a comparison chart of the respective units.



That information reviewed was taken in part, used, and labeled Table Two, located on page 42 of
this research project. This chart developed identifies modd, price, eectronics, and styles of
design, fidd of view, weight, thermd sengitivity, and specid features of each thermd imaging
type. Wagner and West (1998) further in their article go on to interview two fire department
officers, each of whom uses thermal imaging. However, one department uses a handheld unit,
and the other uses a helmet mount system. The interview process asks both objective and
subjective questions to each of the officers. Some of Wagner and West' s interview questions
were incorporated for replication by this author during the survey aspect in this project. These
interviews conducted by these authors provided this research with documented opinions of the
two options of technology available. In addition, documentation of the advantages found with
therma imaging application on the fireground was provided.

Stevens (1991) reported some observations on the advantages of having therma imaging
capabilities. He aso provides the accounting of an actud incident usng thermd imaging
camera. The additiona capabilities of therma imaging were given beyond the traditiona
fireground gpplication. Stevens influenced this research by providing documented instances how
new thermd imaging technology changed the fireground operation

Woodworth (1997, February) gives severd additiond features that atherma imaging
camera should possess to enhance safety and proper utilization. He mentions the importance of
using technology in the fire service to improve firefighter safety and job performance. The
author aso provided an essentiad limitation that would influence this research.

Fire Rescue Magazine (1998,May) developed alist that influenced the research project in
evauating imager technology the modgt. It provided alisting of 17 factors to be considered in

evaduating atherma imager camera. A listing such asthis provides the author of thisresearch



and perhaps others, a base of comparison beyond cost done. Thislisting was influentid in the
author’ s development of a means of comparison for the find results of this paper.

Thefind arearesearched in this project was financing. An analyss of the cost involved in the
obtaining therma imaging technology varies with the unit chosen (Fire Rescue Magazine, 1998,
May). Newman and Irving (1973) reached the conclusion that larger municipa fire departments
could judtify a cogtly, large purchase item such as therma imaging based upon frequency of use.
However, Newman and Irving (1973) concluded that smdler, rura fire department would be
pressed for the justification of such an expense (p.42).

In the writings of Wagner and West (1998), manufacturers provided two reasons for the hefty
price tags on these therma imaging cameras. The rational provided was high production costs
and low volume. Kerri Gordon, Cairngiris product manger stated, “ the pricing of these cameras
isal driven by volume.” (Wagner and West, 1998). Additiona factors that had driven up the
cods were identified as alimited market outside the fire service, very specific ceramic chip
eectronics, and rare metd utilizetion. Germanium, the rare metal used in the lens fabrication is
not used for any other type of application (Wagner and West 1998).

Maine Fire Training and Education has developed an innovative gpproach for funding
initiatives. The gate division has assembled a newdetter, training programs, data collection, and
fund digtribution for therma imaging. This operation had aso established a coordinator for the
endeavor (Dunbar, 1998).

An Examination of the use Thermal Imaging Cameras in the Fire and Rescue Services
(Patterson, 1997), an EFO paper submitted by Assistant Fire Chief Thomas Patterson, Houston

Fire Department, surveyed 40 departments utilizing therma imaging cameras. This survey was

23



replicated localy to check on the smilarities of results. Influence of nationd datistics and loca
Statistics would be compared.

Cairns and Brothers, amanufacturer of the Iris system has assembled afundraisng kit. This
package contains fundraising ideas, form letters and planning agenda for the acquisition of
therma imaging for the fire department. A spokesperson at Cairns, Cathy Chakmakian, stated
that 60% of orders received are the results of fundraisers (Wagner and West 1998). This
measurement would be compared to loca effort during this project’ s survey.

All of the mgor manufacturers, which were reviewed, Sate clearly the advantages of their
respective sysems. This point was evident in reviewing the literature and various videotapes
provided by the following manufecturers. Cairns, International Safety Instruments, Bullard, and
Mine Safety. This documentation provided the research process with technologies available,
gpplications, and actua news reports of saves contributed to the use of therma cameras.

Carns (1998) in their product specifications dso Sated alimitation in the utilization of their
system. Woodworth (1997, March) aso reports limitationsin using thistool. Render (1997),
reported on the fund raising activities of the Signd Hill Fire Department, but in addition
provided aword of caution in this technology. These points would be influentia in the research
project, as potential disadvantages or system limits, especidly if implementation of thermd
imaging was recommended by this research project.

McLauglin, Patterson, Newman, Irving, Stevens, Woodworth, Wagner, Wes, the writings
from Fire Rescue Magazine, and traning materid from Maine Fre Training and Education,
influenced this research by examining the role of thermd imaging technology on the fire service.
All the authors and organizations provided information regarding operations and technologica

aspects of thermd imaging cameras for comparison purposes. They dl provided asolid, rationd
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argumentsin favor of implementing this technology on the fireground. In addition,
documentation of instances of how new technology can influence firefighter safety and impact
fireground operations in a positive manner.
PROCEDURES

The research procedures in preparing this paper started with aliterature review at the
Learning Resource Center at the Nationa Fire Academy in September 1998. Additional
literature reviews were conducted at the North Providence Union Free Library in North
Providence, Rhode Idand, the Providence Public Library in Providence, Rhode Idand, the
Providence College Library in Providence, Rhode Idand, and the author’ s persond library
between September 1998 and December 1998. The purpose was to obtain materid relaive to
thermad imaging technology for the firelrescue service,

Theliterature review focused on four areas for review. The first area researched upon was
the higtoricd origins of thermd imaging. Thiswas initiated to understand the background of this
technology and learn about early gpplications of this unit. The next area examined was the
attributes associated with the technology of therma imaging cameras. Thiswas doneto gain a
perspective of the workings of thistool. A review of materia was conducted thirdly, to examine
the reporting of system advantages and limitations of fire departments using this technology.
Lastly, areview of the financia aspect of purchasing therma imaging cameras was conducted.

Interviews were conducted with Ms. Cheryl Bozzi, North Providence mayora aide, on
December 7, 1998; Jack D. Lane J., Battaion Chief, North Providence Fire Department, and
Department’ s command officer with technica rescue background, on December 5, 1998 and
December 6, 1998; Bernard Charello, retired Chief of Department, on August 30, 1998; Donald

Clark, Acting Chief of Department, on September 10, 1998: Donad Campbell, Chief of
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Department, Hope Jackson Fire Company, Scituate, Rhode Idand, and current President of
Rhode Idands Chiefs Association, on December 11, 1998; L eone Carney, Emergency Medical
Coordinator, Smithfield, Rhode Idand Fire Department, on August 30,1998; John Gregson,
Captain with the North Providence Fire Department, and former advanced life support
committee member, on August 30, 1998; Michadl Scanllion, Captai/EM S Coordinator Hope
Jackson Fire Department, and retired Chief Petty Officer United States Coast Guard; Linda
Cohen, NFPA standards division, on December 10, 1998; and Edward DiGuilio Jr., Lieutenant
with the North Providence Fire Department, and union Hedlth and Safety Officer, on September
9,1998.

A survey ingrument, which wastitled “ Therma Imaging for the Fire Service Survey” was
devel oped to gather information about the utilization and congderaion of thermad imaging
camerasin Rhode Idand (see Appendix A). The results of this survey are referenced in Appendix
C of this research project. Each |etter included a cover letter describing the purpose of the study.
The survey was divided into three sections. Departments considering or had units answered the
first section. The second section was completed by departments that had units on order or in
place. The lagt section asked departments whom had units in place to complete based upon their
experience. The information sought included whether the department owned or had considered
the purchase of therma imaging cameras. Any obstacles faced in the purchase of the unit. How
the department arrived at the decison to purchase the unit. The factorsinvolved, that influenced
the departments purchase. How the unit was funded. Therma imaging types of unit under
congderation by the fire department. Any system advantages found using this technology. In

addition, any problems experienced with the therma imaging technology. How the thermal
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imaging asssted the fire department. Including any reports on specific incident utilization of
thermd imaging.

The survey instrument was mailed out and ddlivered to dl 80 fire departments listed by the
Rhode Idand State Fire Marshal’ s Office. This represented a survey of the entire 39 cities and
towns comprising the State of Rhode 1dand, including two federd ingdlations. In addition, a
random mailing and telephone survey to ten fire departments using therma imaging cameras
ingde of Rhode Idand were contacted. Thislisting was provided by the various manufactures of
thermad imagers, five of which that were contacted used of hand held types and five utilized
hemet mounted units. A tota of 80 surveys were handed or mailed out. Sixty seven surveys
(83.75% percent) were completed and returned.

The results of the survey were entered into a database (Microsoft Excel for Windows 98)

and analyzed. The results were tabulated and used to assist in answering the research questions.

Limitations

Thisresearch was limited by a number of factors; not the least of, which was the fact that the
core subject matter (i.e., utilizing therma imaging cameras) is not widespread in the State of
Rhode Idand. The subjective nature of handheld units and helmet-mounted thermd imaging
camera units ressts being quantified.

The author was limited in his research by the lack of information and documentation about
thermal imaging cameras. Very few articles and no books were found that specifically addressed
the role of therma imagersin thefire/ rescue scene. There was no nationa standard or Nationa

Fire Protection Association publication regarding minimum standards for thermd imagers. A
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search at the Learning Resource Center at the Nationd Fire Academy located only one research
paper on the topic of therma imaging.

The survey instrument was flawed. 1t was limited in scope and falled to examine the
utilization of therma imaging throughout the Untied States fire service. The survey audience
should have been broader in scope. The results, therefore appear to limit the research to the State
of Rhode Idand only, and thereby should not be construed as being statitically representative of

the fire service of the United States.

Definitions

Active Emitters - infrared energy emitted with little variation of energy. An exampleisthe
human body.

Direct Source Emitters - infrared energy sources that produce great amounts of heat. Examples
arefires, chemicd reactions, and the sun.

Field of View- isthe area of the therma imaging camera through which the firefighter looks.
Focal Plan Array Chip (FPAC) - thistype of therma imager provides avirtud redity image as
opposed to of pictoria representation. Possess the ability to view direct sources without “whiting
out”.

Infrared Energy- isaregion of the ectromagnetic spectrum. The human eye cannot view this
energy type, only the heat can befdt.

Minimum Resolvable Temperature Difference (MRTD) - describes the capability of the
thermd imaging camerato detect differencesin temperature. The MRTD isthe sengitivity of the

unit, or how little atemperature differences the unit can detect.
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Passive Emitters - are objects or maeridsthat have infrared emissons with significant
variability. An example is sted a room temperature, stedl appears cold or darker than apersonin
the same area. If stedl is hested, it appears white, indicating an increase in temperature.

Pyro Electric Vidicon (PEV)- atherma image cameratype, usudly handheld. Thistype of unit
can be affected by pointing at direct source emitters causing the “white-out” phenomenon.
Thermal Contrast - the difference in the temperatures of the object being viewed. This
contrasting makes it possible for thermal imaging camerato cregte aviewable image. The
contrast is displayed as follows. Black indicates cooler or absences of heet in areas, white
indicates heated objects, and shades of gray are detected in between the range.

Thermal Inversion- are changes noted with images viewed due to changes in ambient
temperature. Firefighters viewed by atherma imaging camera outside a structure would appear
white or hotter then the surrounding area. When viewed ingde the burning sructure thisimage
displayed would change or invert. The firefighters would gppear darker, indicating the
temperature of the surroundings have changed.

Thermal Imaging Camera (TIC)- atool capable of converting infrared heat energy to a
viewable red timeimage.

Thermal Resistance- the maximum temperature the therma imaging camera can be subjected to
without damage. Duration usualy stated in terms of minutes.

Virtual Reality- the temperature differences of detected concerted into avisble image.

White Out or Whiting out Effect- refers to what hgppens to the therma imaging camerawhen
it ispointed at a very hot object (direct source emitter). This causes the sensor to be overloaded
and generates a completely white screen on the view screen. The unit must be cleared to resume

operation



RESULTS

1.  What are the attributes of thermal imaging technology?

The literature review found thet there were no National Fire Protection Association
guidelines or standards that addressed therma imaging cameras for the fire service. During the
research review, a search for authoritative sources on therma imaging technology was
undertaken.

Therma imaging cameras are the most exciting new technologies to emerge for thefire
service as stated by Wagner and West (1998, p.32). Wagner and West provided an understanding
into the operation of therma imaging technology. The dtribute in which the authors go on to
describe was that thermal imagers read infrared radiation or hest energy. Wagner and West
dtated that some units are capable of detection of heat in fractions of a degree Fahrenheit.

Steven Woodworth, afirefighter with the City of Atlanta, Georgia and ingtructor with the
Georgia Fire Academy, has written numerous articles regarding the use of therma imaging,
provides additiona information. WWoodworth (1996, July) in his writings Sates that thermd
imaging is the fastest growing tool in the fire service. Therma imaging cameras provide the
firefighter the ability to see through smoke. Traditiond firefighting activities have relied on the
utilizetion of lights and ventilaion for this vishility ingde burning buildings (Woodworth,1996,
Jduly).

Woodworth’ s writings provided this research with information regarding the operationa
atributes of therma imaging technology. Therma imaging trandates infrared heat energy into a
visuad image that can be viewed by afirefighter (Woodworth, 1996, July). Woodworth provided
an information into the principle of energy transmission. Infrared energy, unlike light energy,

can penetrate the obscuring effects of smoke. Woodworth then introduces the concept of thermal
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contrat, the difference in the temperatures of the objects being viewed, makes it possible for the
imager to create an image which can be viewed (Woodworth, 1997, February). Theimages are

displayed in ablack and white representation of heat transmission. Black indicates alack of hedt,
white indicates the presence of hesat, and shades of gray are in between this scale. The whiter the
representation displayed, the more heet is present in that object, conversely, the colder the object

is, the darker the representation displayed (Woodworth, 1997, February).

2. What are the recommendations, advantages, disadvantages, and limitations of each
technology type?

The literature review then focused upon researching the advantages, disadvantages, and
limitations of therma imaging cameras. Lyons and Parmenter aticlein Fire Engineering
Journal (1995) provided the author with detailed information regarding the advantages and
limitations regarding the utilization of thermd imaging a three cited incidents. These reports
were complied by John Lyons and Graeme Parmenter, therma camera sales, EEV Ltd. for the
Argus thermd imaging camerain the United Kingdom. Derek Thacker of the Cleveland County
Fire Brigade provided the information based upon his operationd crew’ s incident reports.

1. Thefird fireincident described occurred in atwo story building used for automobile
repairs and body shop on June 16,1994. A TIC was used to locate cylinders of oxygen
and acetylene. The fire scene was extremey hot and visibility was zero. These cylinders
were a the rear of the complex and would not have been reached for some time without
the TIC. Once located, the cylinders were cooled, and firefighting suppression could be

carried out with confidence without fear of exploding cylinders. Without the TIC, these



cylinders would have not been located as quickly, thusincreasing therisk of an
explosion (Lyons and Parmenter, 1995).

The second incident described a fire incident, which took place a a cable factory on April
16,1994. The factory lay out was described as a maze of cages, wires, racks, and machines. The
thick black smoke causing vishility to be reduced to zero further hampered movement. Locating
the fire location proved difficult to the reporting officer Snce smoke was emanating from al
exterior openings. Using therma imaging, a crew was able to “seg”’ the full extend of the fire and
position of interior obstacles, and forwarded a report to the command officer for andysis (Lyons
and Parmenter, 1995).

Thisincident reached five conclusions based upon therma camera utilization as reported in
Fire Engineering Journal (1995);

1. Although vison in the factory was zero, the TIC restored vison to dmost normd.
2. Itwasinvduablein locating the fire.

3. Enabled afaster more effective attack.

4. Improved safety for firefighters.

5. Enablesthe officer in charge to accurately assess the situation (p. 8).

Thethird reported incident was afire at an office with alarge secured workshop attached. A
large volume of smoke was coming from the workshop roof. The workshop itself was secured
with metd roll up windows and doors. A TIC was used to scan the exterior, which proved
negative. The building was entered after assess was gained and scanned again withaTIC. This
scan reveded that a party wall was not penetrated, thereby releasing firefighters to suppress the
office fire. The speed with which the crews were able to check the workshop was the main

advantage reported (Lyons and Parmenter, 1995).
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Lyons and Parmenter (1995) further provided some essentiad limitations found in thermal
imaging cameraimplementation. Limitations expressed by these authors include the lack of
awareness of the benefits of the technology, funding limitations, and resistances to change by the
fire service. An additiona concern was expressed in the writings. Based upon an interview
conducted by these authors with Deputy County Fire Officer Peter Shead, Lead Officer on
equipment at the Nationd level, expressed the following, “The most efficient and safe use will
be dependent on the development of procedures for the use of TIC insde structures.” (p. 7)

Maine s Fire Training and Education publication, Thermal Imaging for the Fire Service,
(1997) provided severd agpplication advantages of therma imaging in specific areas of
fireground operations. This state agency has a stated god of 300 cameras with Mainefire
services within three yearg(p.5). Thefirefighting activity of search and rescue was stated as the
primary advantage found with TIC utilization. Unique applications stated included the following.
The detection of water flow to the sprinkler heads in a system determines if the system is
reaching the seet of the fire. Thermd imaging assgts the officer in Sze up. A survey of the
dructure' s exterior may provide the location of the fire by area, room, or floor. Additionad,
information regarding fire soread or hidden fires could be determined through the use of TIC.
Overhested eectrical fluorescent ballasts, overheated motors, and heated containers could be
detectable by therma imaging cameras. Thisinformation would asss in ventilation, sdvage and
overhaul, and fire suppression operations. Fire suppresson would be assisted by TIC in
determining the shortest route to the fire, holes in the floor, and obstacles in the Structure.
Finding the exit out of the structure would be possible because hose lines would be cooler,

thereby easily detectable (Nygren, 1997).



The survey instrument given during this research paper found that severd locd fire
departments had smilar results. Those fire departments using T1C, area departments reported
success in locating hidden fires, overheated motors, faulty dectrica fixtures and ballasts, and
search and rescue, both interior and exterior activities.

Nygren (1997) aso provided this author with some important limitations. “Never forget your
training”, was stated as akey. Firefighters could enter the structure too deeply too fast. Therma
imaging devices must be used with the thought that the unit might fail. The battery could fail or
be log, or migudgmentsin the life remaining are limits noted by the author. The author statesa
limit of counting on 20 minutes of operation, lessin the cold (Nygren, 1997).

Traditiond firefighting operations must not be forgotten. The author stated severd
disadvantages included failure to recognize building collgpse indicators, failure to recognize
victims, failure to note flashover conditions, and moving too quickly (Nygren, 1997).

Firefighters and occupants, who are wet from hosdlines, could be masked during the search. The
article goes on to Sate certain materid will cause imaging problems. Materids such as glass,
water, or mirrorswill cause imaging problems. The effects of “Tunnd Vison” can place the
operator in peril or danger according to the author of this publication. Holes can be migudged to
be farther away, or masked. In addition, the author goes on to state that the operator can often
overlook the structurd integrity of the building by depending upon TIC done. Render (1997)
goes on further to Sate that, “ Therma imaging is not asubgtitute for good fire prevention
behavior habits’ (p.1).

The importance of utilizing TIC dong with the traditiona approach of search and rescue,
complete with necessary hand tools, lights, and tag lines was stressed (Nygren,1997). The

thermd imaging training of al teeam membersin the utilization of the camera was Sated by the



author as avitd safety link, thereby alowing passing of the unit from one member to another.
Training with the unit was identified as a key in sefety. The information communicated to search
and rescue members, such as obstacles and hazards, was stated by the author asimperativein
proper and safe TIC usage by ateam.
Fire Rescue Magazine (1998, April) enumerated six advantages using therma imaging for

the fire service. The advantages listed are:

1. Search and rescue.

2. Night time wildland fires.

3. The ahility to accurately check smdll of smoke in the areacdls.

4. Hazardous materid use.

5. Fire extenson checks.

6. Mos importantly, improved vison that results in reduced firefighter and civilian

injuries and degths (p.40).

This article further provided a checklist comparison between handheld units and hemet
mounted thermal imaging cameras. This chart has been reproduced in this research paper, and is
provided on page 36, labeled as Table One. In addition, this article provides a recommendation
for decison-making purposes between the two technologies. The article stated that the decison
between a handheld and helmet mounted is up to the end user. It clearly stated that both units had

saved livesin smokefilled areas (Fire Rescue Magazine, 1998, April).



Handheld Thermal Imager

Pro

Do not haveto
adjust eyepiece.

No helmet to adjust.
No wires to snag.

Cost approx. 25%
less than helmet
mounted.

Easily transferable
from one firefighter
to another.

Batterieseasily
replaced longer
duration.

Can secure around
user’s neck,
alowing hands free
operations.

What you see in the
viewfinder is what
is actudly in front
of you because the
viewfinder and
imager arein line.

They can be held
above the head or
through ahole to
get an image.

Table One

Con

Some units don't
focus within 12 ft.
Potentia to drop or
strike an object.

Inability to use both
hands.

View may be better
with helmet mounts
due to inferior
optics in some
handhelds.

Opticseasily
damaged by hest in
some older models.

Other than easily
damaged vidicon
tubes on older
analog systems,
heldhelds are tough.

Versus

Helmet-Mounted Thermal Imager

Pro

System alows for
hands free
operation.

Certain units offer
video and thermd
images.

Unit can be
connected to a data
link for live
broadcast.

With the imager
attached to the
helmet, it goesin
whether it's needed
or not. Someone
must be designated
to wear it or it will
not be there when
you need it.

Helmet view may
be superior to
handheld units.

Con

What you seein the
eyepiece may not
bein front of the
wearer. I[mage can
be afew feet or
inches off.

The wearer must
remember to move
their head up &
down, left & right
to expand the field
of view.

They are heavy to
wear.

Helmet must be
adjusted during the
transfer process.

Battery pack must
also be transferred
to new user.

Quick disconnect
on battery wire and
eyepiece easily
damaged.

Increase need for
spare batteries.



Battery pack to equipped with a difficult to connect
helmet cable breakaway feature in smoke.
Replicated from Fire Rescue Magazine (1998, May, p.44).

The article recommends that a fire department possess both units. The articles proposed that
the hemet-mounted unit would be utilized for attack, but once knock down is achieved, use a
handheld unit. Command and first in company officers should use a handheld unit to scan the
building before entry (Fire Rescue Magazine, 1998, April). In thisarticle, amethod of
presentation or demongtration to others regarding the need for this thermal imaging technology
was provided. The publication suggests using an abandoned multiple story house, schooal,
warehouse, hanger, or gym after hours. Then use a smoke generator to create a zero vishility
condition. Place two victimsin the structure and send in ten firefighters wearing breathing
apparatus to find them. In most stuations, these crews will run out of ar in 15-30 minutes | ater,
with no victims. Then send in two new firefighters with an imager and they will be out with the
victims. It had been suggested that local eected officias be invited to this demongtration (Fire
Rescue Magazine, 1998, April).

In the survey instrument digtributed in this research, a smilar demonstration was conducted
by afire department. The Warren, Rhode Idand Fire Department conducted a mock searchin a
room with victims, first without and with TIC. This comparison demongtration was provided for
firefighters and others that showed the abilities of TIC, which included better visibility, faster
searches, and recoveries, and improved firefighter safety.

An advantage a so presented by this article presents the following scenario. In the pagt,
fighters have gone into buildings and have gone down. Even with portable radios and PASS units
have not requested assstance. Imagers would alow command too see what is going on with the

interior crew by direct broadcast capabilities of a TIC. Command would now have aview of the

fire building roof top, rooms, and exterior conditions.



Woodworth (1995) provided insight into Atlanta, Georgia Fire Department’ stesting of
therma imaging. Through hiswriting, this provided a detailed account into severa applications
and advantages noted with TIC. These reported incidents summarize the experience with the
Carngris hdmet mounted system. After receiving initid training at the departments divison of
training, along with burn building application the Iris was placed on two companies. The
Carndriswas used a numerousfires, predominately for search and rescue in two story frame
dwellings according to Woodworth. Woodworth further stated that the time for search and rescue
was cut in haf because of thermd imaging.

Woodworth described some unique advantages of therma imaging application. Thefirst
account described was an indudtrid fire at a detergent slo. Using athermd imeger, the
firefighters were able to view through the silo that a sprinkler valve was closed. Thiswas
determined by viewing the exterior of the silo, areas cool indicated sprinkler operation, and white
aress indicating heet, indicated non functioning heads. The vaves were opened thus controlling
the fire. Woodworth detailed building congtruction in Atlanta as balloon frame in congtruction,
were hidden fire can lead to rapid expanson. Thermd imaging alowed firefighters to check for
extenson while doing less damage and monitor the condition of the structure itself according to
Woodworth. The last incident advantage found by Woodworth was using TIC in hazardous
materids response. The fire department using therma imaging was able to monitor fume
location and spread, in addition to monitoring chemica reactions. These two aspects were
detected by noting a difference in temperature accomplished through monitoring with TIC
according to the author.

Fire Rescue Magazine (1998, May), continues the review of therma imaging units. This

writing provided this research with alisting of nine precautions or limitations that should be
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undertaken with TIC gpplication. In addition, alist of eleven fire service tasksthat TIC
gpplication can provide sgnificant advantages when utilized properly.
Nine precautions for imager use described by Fire Rescue Magazine (1998, May,) are as
follows
1. Exercise extreme caution when using delicate and expensive thermd imaging cameras.
2. When the cameras off, do not point it at the sun or any other heat source.
3. Do not look directly at the fire with older imagers because it damages imaging tube.
4. Always check theimager battery level before waking away with it, and replace
batteries with every use.
5. Operators should carry arag to wipe the imager’ s tube or eyepiece because of the
build up of the products of combustion, namely, steam, fog, or high carbon smoke.
6. With vehide mounted sysems leave the unit on white-hot and scan during response.
7. Beawarethat with some hdmet-mounted systems, the lensiis offset from the naturdl
line of sight, making things seem two feet to three feet to the left of theimage. This
makes it difficult to judge distance, stairs, doorknobs, and other obstacles.
8. Know that on occasion, the entire viewer will “white-out” because everything is hot.
Practice staying oriented when traveling through a structure,
9. Ped off thermally transparent plastic covers to protect heat seeking optics from smoke

and tar in fire conditions, and protect the optics from scratching when cleaning. (p.77)

In the survey ingtrument utilized in this research, the Centrd Falls Fire Department, Rhode

Idand reported some of the same problems listed as precautions by this article. This department



has been using the Cairngris system the longest in the state and reported that the lens had

become foul in smoke created from burning plagtics. Thiswas resolved by cleaning with arag.

Eleven areas of fire suppression activities that would benefit from thermd imegining

utilizetion were identified by Fire Rescue Magazine (1998, May) as advantages. Severd of the

applications found alocal connection. These results were expressed in the survey instrument

used in this paper. Theliging in this article was then crossed checked with survey results

received.

1.

Response: Command vehicles would be able to see through smoke and properly
positioned. The Rhode Idand Airport Corporation subsequently reported this benefit.
In the survey instrument returned this was listed as an advantage on their truck
mounted system.

Sze-up: Size up of the sructure by TIC utilization to indicate fire floor, involvement,
and extension.

Attack: The article suggests the officer is equipped with a hemet mounted system for
the attack crew. The crew compartment carried a handheld unit for rescue crew or
second attacks line. All crew members have head sets to report operations,

Search: The article ates that therma imaging would greetly speed up the search infire
buildings. The article reports each floor on asingle family building should take three
minutes to search.

Command Eye in the Sky: The article stated imager at large incidents could display

multiple sides of abuilding and monitor atack and rescue operations.



6.

10.

11.

Rapid Intervention Teams. These units should be equipped with an imager when
possible, A RIT should be led by the deputy incident commander who has viewed
therma images of the incident up to that point according to this article.

Hazardous Materias. A benefit that was stated by this publication was the ability of
TIC to determine hest intengty and levels of fluid within vessals The Centrd Fdls
Fire Department in their response to the survey echoed this ability. This department has
worked with the Drug Enforcement Agency (DEA) in clandestine drug lab raids. The
DEA used the fire department’ s Cairngiris to monitor clean up operations with the fire
department’ s assistance. DEA was so impressed with the gpplication; they ordered one
for their operations.

Water Rescue: The article reported the use of TIC to find individuasin swift water
rescue Stuations. Thiswas conditiona on the person being aive and on the surface of
the water.

Wildfires: This use echoesthe U.S. Forest Service early use of thermd imaging as
reported in the literature review of this paper.

Overhaul: Viewing dl fires completely to ensure the fire is out was an advantage stated
by the author. The author then went on to remind the reader that the third largest fires
in the United States, Oakland California Fire in 1991 was a rekindle, which cost 24
lives and destroyed 5,000 structures.

Mutud Aid: This series recommends informing non imager departments about imagers
and the technologica advantage they provide. In the survey ingrument used in this
report, seven, (7) of the departments reported they considered purchasing thermal

imagers, but did not Snce one existed in a neighboring community (pp. 68-75).
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The writings of Wagner and West (1998) identified the advantages and disadvantages of the
two types of technology available for therma imaging cameras. Their article Sated that tube
technology carries aless expensive price and presents a higher resolute picture than most chip
based units. A disadvantage presented was that tubes do not last as long as chip or microchip
sensor technology. The article goes further to Sate the life span of atube is between 700 and
5,000 hours or more of operation. Chip technology may require less maintenance and have 3,500
plus hours of operation life. The pricing of chip technology based unitsis higher, and
improvement in picture quality can be expected with the expected development according to this
article. Wagner and West' s article provided information that was reviewed and taken in part and
presented as Table Two, cited below page 42. This chart compares technological facets of

severd thermal-imaging types.

Table Two
Thermal Imaging Comparison of Facets

Legend: 1.Hemet Mount Configuration. 2. Handheld Type of Thermd Camera

As of 27 December 1998
Operation Thermal Thermal
Time Sensitivity | Resistance
Carns 25k. | chip 30 36 75 | .5 1,200
Minutes. | degrees bs. | DegreeF. | DegreesF.
(10 seconds.)
Argus 18k. | tube 1 hour. 55 6 .10 482
degrees Ibs. | DegreeF. | DegreesF.
(5min.)
Vison 18k. | chip 3plus 59 4 .05 700 +
3 Hours. degrees Ibs. | Degree C. | DegreesF.
(2 min.)
Pam 13k. | chip 4 12 26 |.10 120
IR-250 Hours. degrees Ibs. | Degree F. | DegreesF.
(MAX Op.)
Bullard | 185k | chip 1-15 45 5 .05 500
Hours. degrees Ibs. | Degree C. | DegreesF.
(5min.)




Stevens (1991) reported observations on the advantages of using therma imaging cameras.
An actua incident that was reported where a fire company searched a 5,000 square foot balloon
framed building in less than two minutes utilizing a TIC. In addition, when the two man crew
exited the building, they reported to the incident commander that three people were trapped on
the second leve of the building above the fire. An added festure dlowed the incident
commander to develop a strategy based upon a video recording made by the search crew, which
added in the rescue of the trapped civilians. Stevens, in this article presented additiond
advantages when thermd imaging technology is utilized. Motor vehicle collisons provided
another way TIC could be applied. The area around the scene could be scanned for victims
thrown from the crash. In sructurd fires, usng therma imaging would reduce the time
consuming activity of firefighters checking for hidden firesin wals and ceiling.

Woodworth (1997, February) presented some information regarding safety and limitations of
therma imaging. Woodworth notes that thermd imaging can make the job of afirefighter safer
and fagter. In addition, he sated that the fire service should take advantage of this technology.
However, asingle fact remains, thet the firefighter must be properly trained to operate this
equipment. Woodworth (1997, August) quoted Lieutenant Michagl Cogan, Fire Department City
of New York (FDNY) Rescue 3, comments at FDIC 97: “If Joe Montana threw the football only
once ayear, he would not make it to the Super Bowl”. Woodworth's (1997, March) article, the
author mentions that the firefighter must be trained in the classroom and be provided with
practical sesson in order to effectively use the camera

One manufacturer, Cairns (1993) citesalimit in their product specification. The only
problem with TIC included this syssem as well as other TIC systems are the increase risk of

failure resulting in blindness of the operator. The operator of atherma imager can become



accustom to using these units and dependent on it for navigation. Failure then would creste
disorientation and confusion, which then could cause harmful or fata results.

A smilar limitation was also mentioned by Woodworth (1997, February), regards TIC asa
reliable tool, however these are mechanica devicesthat can fail. He stressed the importance of
carrying flashlights, contact with the wall, and maintaining communication with command.
Woodworth (1997, February) goes on to provide some features TIC should possessin order to
maintain safety. A TIC should provide warning icons for low battery, high temperature warning,
and operating time available. He notes a good rule of thumb of changing the battery with each air
bottle change to provide for safety of the operator.

Fire Rescue Magazine (1998, May) developed alist that influenced the research project in
therma imaging evaduation. Thislisting consdered 17 factors to be consdered in this
assessment of therma imaging technology. Thisliging was influentid in the author’s
development of amethod of comparison for the results of paper. Presented as Table Three on
page 45 of this applied research paper, a set of evaluation questions was developed by this author
using the writings of Woodworth (1997, February), and Nygren (1997) to develop this
evauation. The evauation questions would assst in ligting advantages and disadvantages of

each system.



Table Three

Evaluation Questions for Thermal Imaging Consideration

1. Do not buy an imager that you cannot point directly at flames without damaging the optics or
the electronic components of the therma imager.

2. Image qudlity is extremedy important for the user to distinguish between objects and people.

3. Thermd imagers should have good therma sengtivity; they should be able to see the heat
sgnature of a person’ s footprints on carpet after they have walked by with shoes on.

4. Two-three bottles of air per battery change isagood god. However, it is recommended rule
of thumb to change battery with each ar bottle change

5. Theimage should not “white-out” in high heat, if S0, the unit should be gble to reset itsdf if
pointed away from the direct emitter.

6. Imagerswith dud battery system (run off AA’s or rechargeable). Batteries should indicate a
full charge, battery low condition, or operationd time remaining in the viewfinder.

7. Imagers should have awirdess data link to broadcast images outside the fireground.

8. Takeinto account the overdl sze. A large, bulky unit will be difficult to handle.

9. Viewfinder sze should be a consideration the bigger the better.

10. Temperature readout in the monitor and awarning icon if unit is overheating is vauable.

11. Units should have shoulder and hand straps, or capability to clip on to an air pack harness.

12. Shidding for on/off controls so the unit cannot be accidentaly activated.

13. Thermd Camerd s controls should remain simple, the smpler the better.

14. Congder the ahility to change the battery in the smoke/ limited vishility with gloved hands,

Chart derived from the following sources, Woodworth (1998, February, p.18), Thermal Imaging

for the Fire Service (1997), and Fire Rescue Magazine (1998, May, p.75).



3. What are the financial considerations involved with each technology?

Thefind arearesearched was the financid aspect of thermal imaging acquigtion.
Newman and Irving (1973) reached the conclusion that larger municipa fire departments could
justify a costly, large purchase item such as therma imaging based upon frequency of use.
However, Newman stated that smdler, rura fire departments would be pressed for the
judtification of such an expense. In the survey instrument used, 67 fire departments responded, of
this 26.8% (18) possess or are acquiring therma imaging. Municipd, paid city fire departments
only accounted for three (3) departmentsin the Rhode Idand or 16.6%. The remaining 83.3%
(15) departments are classified as smdl municipa paid, combination or volunteer based. This
gppears that in Rhode Idand the converse is true of Newman' s judtification statement of 1973.

McLaughlin (1992) dso noted that amgor disadvantage to acquisition of thermd imaging
isthe codt. In the survey of fire departments in Rhode Idand, 64.1% (43) of respondents reported
cost as the primary obstacle in the purchase of therma imaging.

In the writings of Wagner and West (1998), manufacturers provided two reasons for the high
price tag on these units. The first was the high production costs, associated low volumes, and
limited outside additional market. Kerri Gordon, Cairngiris product manger stated, “ the pricing
of these camerasisdl driven by volume’ (Wagner and West, 1998). The second cost factor
identified by these authors was the cost of the ceramic chip technology and the rare eement
germanium used in lens congtruction for high cogis.

Stevens (1996) made a thought provoking statement in Firefighter News. Many of people
had marveled a the therma imaging technology utilized in the Persian Gulf Conflict, but only a

limited number of fire departments have placed in the hands of the firefighters. The author asks



the question, “ Does command care?’ (p.6) He goes on to state that maybe afirefighter’slifeis
not important to the people controlling the purse strings within the fire department. Stevens
compares the price of acommand rig or acommercia versus custom chasss as the difference
between seeing a down firefighter or not.

Cairns and Brothers, the manufacturer of the Iris system has assembled a fundraiser kit.
Cairns reported that 60% of dl orders received are aresult of fundraisers (Wagner and Wes,
1998). Thomas E. Patterson, Assistant Chief of the Houston, Texas Fire Department, EFO paper
(1997), reported that 61% of the 22 departments responding to the survey raised funds through
dternately budgetary methods. Only 27% used a budget method to finance the purchase. In
Rhode Idand, the survey results indicated that of the 18 unitsin service, 22.2% (4) were acquired
through budgetary process. The remaining 14 (77.8%) units were obtained by grants, donations,
or fundraising activities. The locally received survey results received replicated Patterson’s
Executive Fire Officer survey of 1997, which had surveyed fire departments throughout the
Untied States.

Maine Fire Training and Education Divison newdetter, Thermal Imaging for the Fire Service
(1997, September ) has a stated god to place 300 thermal imaging cameras with Maine sfire
departments within three years (p.5). The expressed purpose of this operation isto identify
sources of grants, and donations to assist fire departments acquistion of therma imaging
cameras. This newdetter reports that 80% of departments are using fundraisers as a method to
purchase thermd imagers. Methods of fundraising listed include: bottle drives, private grants,
private donations, raffles, fill the boot, dances, club donations, car washes, phone solicitation,

dinners, and letters writing campaigns.
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The completed surveys received indicated that 77.8% of the Rhode Idand Fire Departments
had indicated funding by the utilization of severd of these methods. Fire Departments reported
the methods used included areceipt of a Champlin Grant; aloca charitable source, Rotary and

Lions Club donations, individud private donations, and public fundraising activities.

DISCUSSION

The literature review conducted in this research paper was in agreement with the TIC
survey tool used in this paper. The survey instrument indicated that 77.7% of those who have
therma imagersin place used dternate methods of purchase beyond traditional tax supported
measures. Thiswasin direct agreement with Cairns (1993) statement that 60% of their purchases
are through fundraising activities. In addition, the survey conducted by this author replicates
Patterson EFO paper (1997) results of 61% of 40 departments used fundraising method to
acquire thermd imagers. This non-traditiond way of funding is new to the North Providence
Fire Department. However, new does mean impossible for the organization to perform with
proper planning and coordination.

Cogan (1992) gated severd gpplications of thermd imaging cameras including locating
overheated motors, duct fires, defective florescent fixtures and hidden fires. All these stated
gpplications collaborated by respondents in the survey conducted of actua cases where thermal
imaging was used by loca fire departments. This provided an gpplication advantage that can be
interpreted as a universal gpplication of therma imaging.

In Woodworth (1997, February) article, a comparison of technology was made. This author
further went on to State additiond fegtures that thermal imagers should posses. In the survey

instrument used, departments that had imagers in service had al considered these features in the
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acquisition process. Any decision by the North Providence Fire Department should be based
upon the experiences of others so lessons learned can be repeated with success.

Fire Rescue Magazine (1998May), provided the research with eleven gpplications of thermd
imaging by the fire service. Again, the survey indicated that loca departments were using their
TIC in many of the areas suggested by the author. This article provided factors to consider in
when purchasing an imager, and can be found on page 45 in this paper labeled as Table Three.
The information contained in Table Two in this paper on page 42, would alow the proposed
committee to compare facets of each therma imager technology. Fire Rescue Magazine (1998,
April) dso provided a chart that would further assst the organization in comparing the types of
technology, and was influentid in cregting Table One, on page 36 of this paper.

The lack of technology can be traced to the element of change. Woodworth (1995), stated,
thermd imaging is not new, but it has not been applied to the fire service. Fire Rescue Magazine
(1998, April) stated that perhaps alack of awareness of the potentid benefits of TIC. All
departments surveyed indicated that they had considered TIC. The survey indicated only 22.2%
(18) have imagersin place, with a 64% placing funding as an obstacle to purchase. Thefire
department organizations must question thisrationa. Lyons and Parmenter (1995) stated the
amilarities of breathing apparatus introduction. Air packs, regarded as necessary for safety, are
in place by amgority of today’ s fire departments. However, cost delayed their implementation
in the early days. An organization must question the lack of therma imaging gpplication ddayed
by awareness and cost aone.

The North Providence Fire Department and the fire service in general, must recognize the
benefits of changes in technology. These changes can improve the overal operationd efficiency

of the fire department and improve safety. The organization should view change as aforce to be



dedlt with, not hidden by the excuses of funding or lack of awareness. Remaining current,
organizations must expect the resistance, anticipate, and forecast the implications change.
Organizations must recognize this need for innovation in technology cdled therma imaging, and

apply its advantages.

RECOMMENDATIONS

The Town of North Providence should begin the process of evauating therma imaging
cameras for the fire department. The leadership must continue to advance the department’s
cgpability with advancements in technology. The fire department should take full advantage of
the well documented opportunities that a therma imaging camerawould offer the service. The
benefits associated with therma imaging are often overlooked because of the resistance to
change, or even hidden by the excuse of cost. These barriers to implementation must be broken
down.

The importance therma imaging would be communicated to al department membersto
bring forth universal acceptance of this technologica change. The purchase of this technology
must be presented to the taxpayers as a cost efficient move as well as, an opportunity to improve
the safety of the community and the firefighters.

The department should establish a committee to evaluate thermd imaging technology. As
demonstrated by other successful fire departments, 100% of those fire departments surveyed who
have atherma imager utilized a committee format for the decison making process. A committee
process was previoudy used by the department with the advance life support implementation

program in thel980' s with great success. The committee had a membership which was



representative of the entire EM S/Fire section and the community . The actions of this group were
well received by the department’ s members because of a shared well communicated purpose.

This committee should have athree-fold purpose. Thefirst purpose isto evauate the needs of
the department and match these needs to various types of imagers. The committee can use Table
One to compare hand held units and helmet mounted units, and Table Two to compare the
technologica facets of each type of unit. In addition, the members can apply the evauation
guestions on Table Three to compare each unit. Using Table Four, cited below, committee
members can contact the manufacturer’ s representatives for further demonstrations and
information.

Table Four

Manufacturer’s Information
As 29 December 1998

Manufacturer | Model(s) | Phone Misc.

Cams & Iris 800-422-4767 Helmet system
Brother Inc.

Mine Safety Argus 800-672-2222 Handheld
Appliances

[ nternational Vidon 3 888-474-7233 Handheld ( Vison 3)

Safety
Instruments

E.D. 800-827-0423 Handhdd
Bullard

Texas 888-474-7233 Handhdd
Instruments

Scott 704-282-8400 No Data Recelved as of 01-01-99

Texas 972-243-3307 Truck Mounted
Instruments Crash Fire Rescue Vehicle Mount
Sysem.
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Actud field tests of the units would be conducted using acquired structuresto field test dl
models consdered. As the survey conducted in this paper, indicated 100% of the responding
departments with therma imaging cameras had the manufacturer’ s representatives present the
various units to committee. A field demondration woud be arranged, to test the units before
purchase was made. Input from members would be sought and evaluated before fina purchase
decision was reached.

The second purpose of the committee would be consderation of the funding for this unit.
Render (1997) in hiswritings reported that volunteer firefighters, with the assstance of a
committee raised enough funds for the purchase of atherma imager. The committee can use
Table Two to compare costs associated with each technology. In addition, contact the various
manufacturer’ s for current pricing of each unit. This could be accomplished through avariety of
means, budgetary, grants, fundraisng, and donations. The committee would contact neighboring
departments to compare methods used and success of each. The committee would set gods and
bench marks for obtaining this technology, again communicating thisto al members. The
committee would actively campaign through various media and community groups the
importance of this therma imaging camerato the town. Input would be sought from
manufacturers on their ideas for funding, publicity, and media available from them.

The lagt action of the committee would be to implement atraining program for the thermd
imager before placement on apparatus. As previoudy discussed by Woodworth, thisisatool,
and the successful operation of therma imaging is dependent upon the training of the operator.
Additiond research should be conducted to determine the training aspect of therma imaging
cameras and technology in the fire service. Contact would be made with Main€' s Fire, Training

and Education divison to obtain their training program. Training packages obtained from the



various manufacturers could assist in the development of training resources. Cairns and Brothers
is known to offer aspecid school for their system. The NFPA should possibly consider
appropriate stlandards for thistool smilar to the standards for SCBA, PASS and turnout
protection.

This research paper has provided evidence to support arecommendation for therma imaging
for the North Providence Fire Department. In addition, tools have been given to a committee to
evauate, fund, and consder the training necessary for the introduction of this technologica

advanced tool of safety.



Appendix A

Chief of Department / Training Director
0000 Street
City/Town, State 00000-0000

Chief of Department/ Training Director:

| am conducting a survey of Fire Departments surrounding the Town of North Providence, and
the State of Rhode Idand. The survey is regarding the use or consideration of Thermal Imaging
Cameras in the Fire Service. The survey has dso been given to departmentsthat arein the
process of obtaining or have units dready in service. The purpose of this survey isto examine
the opinions of expertsin the Rhode Idand Fire Service such asyou. In paticular, | am
examining factors, which led to the purchasing of this type of technology. In addition, | have
requested information on how your department secured funding for this purchase. Y our answers
will assst the North Providence Fire Department on making informed decisions on the purchase
and use of Thermd Imaging.

Please take afew minutesto fill out the enclosed questionnaire and return it in the salf-
addressed reply envelope a your earliest convenience. If you are interested in receiving a copy
of the Nationa Fire Academy’s Executive Fire Officer Project, please indicate this on the last

page of the questionnaire with amailing address

Thank you In Advance,

John N. Carnegis, Captain
North Providence Fire Department



APPENDIX B

NATIONAL FIRE ACADEMY
EXECUTIVE FIRE OFFICER PROGRAM
APPLIED RESEARCH PROJECT

Course: Executive Development

Subject Matter: Thermal Imaging For the Fire Service

Survey Questions: Fire Chiefs/ Training Officers

The purpose of this survey is to obtain opinions and perspectives on the subject of thermal
imaging units for the fire service. These surveys are to be collected from individual fire
departments that surround the Town of North Providence Fire Department that have
made a recent purchase or are considering the purchase of a thermal imaging camera
(TIC). The results of this survey will be included in an applied research project for the
National Fire Academy’s Executive Fire Officer Program. Please answer the following
questions:

Part One  All Departments Please answer:

Department Responding: Type: Paid  Call Volunteer
Combination

1. Doesyour department currently own a Thermal Imager Camera?  Yes No

2. If not, does your department plan to purchase one? Yes No
3. If no purchaseis planned, check the primary factor: Cogt
Lack of Need

Other



Part Two  Only Departments with Thermal Units on board or on order please answer:

1. How did your department arrive at the decison to purchase athermd imaging camera?

Committee
Chief
Officers
Other
2. What led you to consider the purchase of a TIC?
2. What factors were consdered in purchasing the unit?
3. What type of unit do you have or are considering to purchase?
4. How did your department fund the purchase?  Budget Item Capitd Financed
Fund Raiser Other

Grants, or Donations




Part Three Only for fire departments with Therma Imaging Camerasin use.

=

How long has the unit been in service?

N

Have you had any technical trouble with the TIC?

w

Do you carry spare batteries? Yes No

4. What are the advantages of the Therma Imaging to your department?

57

5. Haveany of the following occurred?
White Out Extensive Maintenance Tube or Screen Repair

Other Disadvantages noted:

6. How does your department use the TIC? (In what role(s))

7. Findly, do you have any reports on how the Therma Imaging has helped you on the scene.

8. Copy of Fina Report Requested: Mailing Address

Thank you for your assistance.



APPENDIX C

Department

Barrington

Bristol

Burrilville- Harrisville
Burrilville- Nasonville
Burrilville-Oakland-
Mapleville

Burrilville- Pascoag
Central Falls
Coventry- Anthony
Coventry- Central
Coventry- Harris
Coventry- Hopkins Hill
Coventry- Tiogue
Coventry- Washington
Coventry- Western
Coventry

Cranston
Cumberland- Fire District
Cumberland-Cumberland
Hill

Cumberland- N.
Cumberland
Cumberland- Valley Falls
East Greenwich

East Providence
Foster-South
Glocester- Chepachet
Glocester-Harmony
Glocester- West
Hopkinton- HVFD
Hopkinton-Ashaway
Jamestown

Johnston

Kingston

Lincoln- Albion
Lincoln- Limerock
Lincoln-Lonsdale
Lincoln- Manville
Lincoln- Saylesville
Little Compton
Middletown
Narragansett

Newport

New Shoreham

North Kingstown
North Providence
North Smithfield
North Smithfield-
Primrose

Type Of

Thermal Imaging Survey

Department
Paid Volunteer Combination
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Rhode Idland December 1988
TIC Planned Limiting
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Department Paid Volunteer Combination TIC Planned Cost Other
Pawtucket 1 1

Portsmouth 1
Providence 1
Richmond

Scituate- North

Scituate- Hope- Jackson

Scituate- Potterville
Scituate-Chopmist Hill

Smithfield 1
South Kingston 1

Tiverton 1
Warren 1

Warwick 1
Westerly- Bradford

Westerly- Dunn's

Westerly- Misquamicut
Westerly-Watch Hill

West Warwick 1
Westerly 1
Woonsocket
RI Air Guard

RI Airport Corp.
U.S. Navy

PR R R R

P RPrRPROO

s

PRPRPOO0OO0OO0OO0OO0OO0OOrROO0OOOORRLRORER
PR RRRRRR R

[eNeoNoNoNolNoNeoNoNoNoNo)

e
|—\

Totals 20 29 18

=
0]
©

43 8

Department Type of Type Type Decision Funding
TIC TIC TIC Method Method
Helmet Hand Truck Unsure Fundraiser = Budget Grants Capital

Barrington 1 1 1

Bristol

Burrilville- Harrisville

Burrilville- Nasonville

Burrilville-Oakland-Mapleville

Burrilville- Pascoag

Central Falls 1 1 1

Coventry- Anthony

Coventry- Central

Coventry- Harris

Coventry- Hopkins Hill 1 1 1

Coventry- Tiogue

Coventry- Washington

Coventry- Western Coventry

Cranston

Cumberland- Fire District

Cumberland-Cumberland Hill 1 1 1

Cumberland- N. Cumberland

Cumberland- Valley Falls

East Greenwich

East Providence 1 1 1




Department Helmet Hand Truck Unsure Decision Fundraiser Budget Grants Capital
Foster-South
Glocester- Chepachet
Glocester-Harmony
Glocester- West
Hopkinton- HVFD
Hopkinton-Ashaway 1 1 1
Jamestown

Johnston

Kingston

Lincoln- Albion

Lincoln- Limerock

Lincoln-Lonsdale

Lincoln- Manville

Lincoln- Saylesville

Little Compton

Middletown

Narragansett

Newport 1 1 1

New Shoreham 1

North Kingstown

North Providence

North Smithfield

Nortrh Smithfield-Primrose

Pawtucket

Portsmouth

Providence 1 1

Richmond
Scituate- North
Scituate- Hope- Jackson 1 1 1
Scituate- Potterville

Scituate-Chopmist Hill

Smithfield

South Kingston 1
Tiverton
Warren 1

Warwick 1
Westerly- Bradford
Westerly- Dunn's
Westerly- Misquamicut 1
Westerly-Watch Hill

West Warwick

Westerly

Woonsocket

RI Air Guard

RI Airport Corp. 1
U.S. Navy

[EEN
[ER
[ER

[EEN
[ER
[ER

|—\
H
(33 N
[EEN
[EEN
H

[EEN
=

N
[y

Totals 8 8 1 1 19 11 4 3

Based upon information
received
As of December 1998

Thermal Imaging Survey
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